Abstract-An efficient method for simulating electromagnetic scattering from a dielectric rough surface over a frequency band is proposed in this paper. This method is based on Chebyshev series and Maehly approximation. The tapered plane wave is chosen as the incident wave to avoid the artificial edge diffraction due to the finite length of the simulated rough surface. The Gaussian rough surface is considered. Good agreements between the Maehly approximation and the exact results obtained by the method of moment (MoM) are exhibited. And the Maehly approximation is superior in the CPU time.
I. INTRODUCTION
Method of moment (MoM) has been extensively used to simulate the electromagnetic (EM) scattering from a rough surface in the frequency domain [1] [2] [3] . Meanwhile, the properties of EM scattering over a wide-band has been become important gradually. However, it will be time-consuming through the MOM due to repeatedly calculate at every frequency. The approximate solution techniques, which can efficiently simulate the frequency response over a wide frequency band, are urgently needed. Several methods have been applied, such as the asymptotic waveform evaluation (AWE) techniques, the model-based parameter estimation (MBPE) and Maehly approximation [4] [5] [6] .
In this paper, the Maehly approximation is firstly introduced to calculate the EM scattering form dielectric rough surface over a frequency band. The surface unknowns induced by the incident wave are firstly expanded as a Chebyshev series. And the surface unknowns can be also obtained through the Maehly approximation. The Maehly approximation has a broader extrapolation for the larger convergence. At the moment, the coefficients of the Maehly approximation are acquired from the Chebyshev series. The surface unknowns at every frequency can be obtained through the Maehly rational approximation. In this paper, the Gaussian rough surface [7, 8] is applied to simulate the realistic rough surface. And, the tapered plane wave [8] is chosen as the incident wave to avoid the artificial edge diffraction resulting from finite length of the simulated rough surface.
II. THEORETICAL FORMULATIONS

A. Simulating the EM scattering from a dielectric rough
surface by the MoM Assuming the tapered plane wave ( ) inc ψ r incidents on a dielectric rough surface as shown in Fig. 1 , where ( ) f x is a Gaussian rough surface, and the relative permittivity of the lower space is 1 ε . In this paper, the time dependence is The integral equations of this scattering problem are [9] ' 
r r n rr r r n r r (5) Using MoM with the pulse basis functions and the point matching technique, the integral equation can be discretized into the following matrix equation
Where, the elements of the impedance matrix , , , 
B. Maehly approximation technique
From the matrix equation (7), it is obviously found that one has to repeat the computations at every frequency to calculate the EM scattering over a frequency band. If the incident angle i θ is constant, matrix equation (6) can be rewritten as
here, k k k ∈ can be also shown as
Using the Chebyshev polynomial approximation, the unknown ( ) n I k in equation (9) 
can be obtained by Substituting i k into (10). To improve the accuracy of the numerical simulation, the Chebyshev approximation in (11) will be matched via the Maehly approximation, and the unknown ( )
The integers L and M are the orders of the zero and pole expansions, respectively. Thereby, the coefficients 
According to (16), the surface unknown can be obtained at every frequency.
III. NUMERICAL RESULTS
Validity and efficiency of the Maehly approximation is firstly shown by comparing with the repeatedly results of the MoM. The back scattering coefficient of a Gaussian dielectric rough surface is calculated through the MoM and the Maehly approximation, respectively. The length of the simulated rough surface is 10.24m L = with the discrete interval 0.01m
The root mean square is 0.1 δ =
, the correlation length is 1.0 l = and the incident angle is 30
The frequency responses with 0.005GHz increments are calculated using the Maehly approximation with orders 5 L M = = . However, when the incident angle is 60
, the results also can achieve great agreements. But the orders are changed, where the 8 L M = = . And, in the published literature [5] , the authors point out how to choose the number of Chebyshev nodes, L and M. Fig. 2 shows that the Maehly approximation and MoM have achieved excellent agreement both in horizontal and vertical polarization. In addition, IV. CONCLUSION In this paper, the Maehly approximation is used to simulate the EM scattering from a Gaussian dielectric rough surface over a frequency band. Good agreements between the Maehly approximation and the MoM are shown. And, the Maehly approximation is more effective in CPU time. In addition, this method will be applied to solve the target above dielectric rough surface with wide-band. This is our future work.
